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(57) An organic light-emitting diode display panel
and a manufacturing method thereof and a mask plate
are disposed. The organic light-emitting diode display
panel includes a curved part (301) and a non-curved part
(302), the curved part (301) includes a plurality of organic
light-emitting diodes (234), the organic light-emitting di-

ode (234) includes a light adjusting surface (0201), and
the light adjusting surface (0201) is configured to be ca-
pable of guiding light generated from the organic
light-emitting diode to exit towards the non-curved part
(302).
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Description

[0001] The application claims priority to the Chinese
patent application No. 201610945114.2, filed on Novem-
ber 2, 2016, the entire disclosure of which is incorporated
herein by reference as part of the present application.

TECHNICAL FIELD

[0002] At least one embodiment of the present disclo-
sure relates to an organic light-emitting diode display
panel and a manufacturing method thereof and a mask
plate.

BACKGROUND

[0003] A display which adopts an organic light-emitting
diode (OLED) display panel has a wide application pros-
pect because of following advantages: simple manufac-
turing process, fast response, thin, light, wide viewing
angle, self-luminescent, high brightness, light emission
color continuously adjustable, low power consumption,
low cost, and easy to realize flexible display.

SUMMARY

[0004] At least one embodiment of the disclosure pro-
vides an organic light-emitting diode display panel and a
manufacturing method thereof and a mask plate.
[0005] At least one embodiment of the disclosure pro-
vides an organic light-emitting diode display panel, com-
prising a curved part and a non-curved part, the curved
part comprising a plurality of organic light-emitting di-
odes, wherein the organic light-emitting diode comprises
a light adjusting surface, and the light adjusting surface
is configured to be capable of guiding light generated
from the organic-light-emitting diode to exit towards the
non-curved part.
[0006] At least one embodiment of the disclosure pro-
vides a manufacturing method of an organic light-emitting
diode display panel, comprising:
[0007] forming a first layer of an organic light-emitting
diode on a part, of a base substrate of an organic light-
emitting diode display panel to be bent, a surface of the
first layer away from the base substrate having a curved
surface;
[0008] forming a subsequent film layer of the organic
light-emitting diode on the first layer, the subsequent film
layer having the curved surface and comprising a lumi-
nescent layer; and
[0009] bending the organic light-emitting diode display
panel to form a curved part, the organic light-emitting
diode on the curved part comprising a light adjusting sur-
face, and the light adjusting surface being configured to
be capable of guiding light generated from the organic
light-emitting diode to exit towards a non-curved part.
[0010] At least one embodiment of the disclosure pro-
vides a mask plate, comprising: a first portion and a sec-

ond portion disposed at a periphery of the first portion,
wherein the second portion comprises a plurality of sub-
portions arranged in sequence in a direction from a po-
sition close to the first portion to a position away from the
first portion, optical transmittances of the plurality of the
sub-portions are decreased in sequence in the direction
from the position close to the first portion to the position
away from the first portion, and an optical transmittance
of the first portion is larger than that of each of the sub-
portions, or, optical transmittances of the plurality of the
sub-portions are increased in sequence in the direction
from the position close to the first portion to the position
away from the first portion, and an optical transmittance
of the first portion is smaller than that of each of the sub-
portions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] In order to clearly illustrate the technical solution
of the embodiments of the disclosure, the drawings of
the embodiments will be briefly described in the following;
it is obvious that the described drawings are only related
to some embodiments of the disclosure and thus are not
limitative of the disclosure.

FIG. 1 is a schematic diagram illustrating viewing
angle of a curved part of an organic light-emitting
diode display panel;
FIG. 2 is a schematic structural diagram of an organic
light-emitting diode display panel;
FIG. 3a is a schematic diagram illustrating viewing
angle of a curved part of an organic light-emitting
diode display panel provided by an embodiment of
the disclosure;
FIG. 3b is a schematic diagram illustrating a structure
of a part of an organic light-emitting diode display
panel provided by an embodiment of the disclosure;
FIG. 3c is a schematic diagram illustrating a structure
of a part of another organic light-emitting diode dis-
play panel provided by an embodiment of the disclo-
sure;
FIG. 3d is a schematic diagram illustrating a structure
of a part of another organic light-emitting diode dis-
play panel provided by an embodiment of the disclo-
sure;
FIG. 4a is a schematic diagram illustrating viewing
angle of a curved part of another organic light-emit-
ting diode display panel provided by an embodiment
of the disclosure;
FIG. 4b is a schematic diagram illustrating a curve
direction and a curve degree of the curved part and
the organic light-emitting diode formed thereon of
the organic light-emitting diode display panel as il-
lustrated in FIG. 4;
FIG. 5 is a schematic diagram of illustrating a struc-
ture of an organic light-emitting diode display panel
provided by another embodiment of the disclosure;
FIG. 6 is a manufacturing method of an organic light-
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emitting diode display panel provided by an embod-
iment of the disclosure;
FIG. 7a is a schematic diagram illustrating a structure
of a first electrode;
FIG. 7b is a schematic diagram of a mask plate pro-
vided by an embodiment of the disclosure;
FIG. 8a is a schematic view of forming a first elec-
trode;
FIG. 8b is a cross-sectional diagram illustrating a
structure of the first electrode taken along line A-B
of FIG. 8a;
FIG. 9a is schematic diagram of forming a first elec-
trode provided by an embodiment of the disclosure;
FIG. 9b is a cross-sectional view illustrating a struc-
ture of the first electrode taken along line C-D of FIG.
9a provided by an embodiment of the disclosure; and
FIG. 10 is a schematic diagram of forming a second
curved surface of an upper surface of a planarization
layer (a surface of the planarization layer away from
a base substrate) provided by another embodiment
of the disclosure.

DETAILED DESCRIPTION

[0012] In order to make objects, technical details and
advantages of the embodiments of the disclosure appar-
ent, the technical solutions of the embodiments will be
described in a clearly and fully understandable way in
connection with the drawings related to the embodiments
of the disclosure. Apparently, the described embodi-
ments are just a part but not all of the embodiments of
the disclosure. Based on the described embodiments
herein, those skilled in the art can obtain other embodi-
ments), without any inventive work, which should be with-
in the scope of the disclosure.
[0013] Unless otherwise defined, all the technical and
scientific terms used herein have the same meanings as
commonly understood by one of ordinary skill in the art
to which the present disclosure belongs. The terms "first,"
"second," etc., which are used in the description and the
claims of the present disclosure, are not intended to in-
dicate any sequence, amount or importance, but distin-
guish various components. Also, the terms such as "a,"
"an," etc., are not intended to limit the amount, but indi-
cate the existence of at least one. The terms "comprise,"
"comprising," "include," "including," etc., are intended to
specify that the elements or the objects stated before
these terms encompass the elements or the objects and
equivalents thereof listed after these terms, but do not
preclude the other elements or objects. The phrases
"connect", "connected", etc., are not intended to define
a physical connection or mechanical connection, but may
include an electrical connection, directly or indirectly.
"On," "under," "right," "left" and the like are only used to
indicate relative position relationship, and when the po-
sition of the object which is described is changed, the
relative position relationship may be changed according-
ly.

[0014] Generally, in order to improve the display effect,
a light-exiting side of an OLED display panel is proc-
essed, so that most of the light generated from the OLED
is emitted at a right angle of 90 degrees, therefore, a
problem that a bad viewing angle (observation angle) of
a curved part of the OLED display panel is produced. As
illustrated in FIG. 1, because most of the light generated
from the OLED on the curved part of the display panel is
emitted at a right angle of 90 degrees, when viewing the
display panel, human eyes receives less light from the
curved part, resulting in darkening of an edge of the dis-
play panel and affecting display effect. Furthermore, the
same problem occurs in actual mass production of the
product.
[0015] Fig. 2 illustrates a structure of an OLED display
panel. The OLED display panel includes a base substrate
01 and a function unit disposed on the base substrate
01. The function unit includes a thin film transistor 12 and
a storage capacitor 08 which is electrically connected
with the thin film transistor 12. For example, the base
substrate 01 can be made of polyimide, and the thin film
transistor 12 can be of a bottom-gate structure and can
also be of a top-gate structure.
[0016] As illustrated in FIG. 2, when the thin film tran-
sistor 12 is of a top-gate structure, a gate insulation layer
07 is formed between a gate electrode 123 and an active
layer 15 of the thin film transistor 12, and at the same
time, the gate insulation layer 07 can also be disposed
between an upper electrode 081 and a lower electrode
082 of the storage capacitor 08 to be served as a dielectric
layer of the storage capacitor 08. A source electrode 121
and a drain electrode 122 are disposed on two sides of
the active layer 15 respectively, and are electrically con-
nected with the active layer 15. When the active layer
adopts amorphous silicon, regions 151 and 152 where
the active layer 15 is in contact with the source electrode
and the drain electrode can form n+α-Si to form ohmic
contact. It should be noted that, a material of the active
layer is not limited to the amorphous silicon. Further, an
interlayer insulation layer is formed between the gate
electrode 123 and the drain electrode 122 of the thin film
transistor 12, and a material of the interlayer insulation
layer 06 can be silicon nitride or silicon oxide, but is not
limited thereto.
[0017] The above-mentioned OLED display panel can
further include a planarization layer 05 disposed on the
interlayer insulation layer 06. A material of the planariza-
tion layer 05 can be an elastic organic material, for ex-
ample, polyimide. A structure of the OLED display panel
further includes a first electrode 05 of the OLED disposed
on the planarization layer 05 and a pixel definition layer
09, and the pixel definition layer 09 is configured to define
a sub-pixel region. The OLED can includes a plurality of
layers, the first electrode 02 can be a layer of the OLED,
and other layers of the OLED formed on the first electrode
02 are not illustrated herein. The OLED display panel
can further include a supporting layer 10. The first elec-
trode 02 of the OLED of a general OLED display panel

3 4 



EP 3 537 478 A1

4

5

10

15

20

25

30

35

40

45

50

55

is flat relative to the base substrate 01 (after the OLED
display panel is bent, the first electrode 02 may have the
same curve direction and the same curvature as the base
substrate of the curved part), and the curved part of the
OLED display panel in a state of the first electrode 02
being flat relative to the base substrate 01 limits the view-
ing angle. Because most of the light generated from the
OLEDs on the curved part is emitted at a right angle of
90 degrees, when viewing the display pannel, human
eyes receive less light generated from the curved part,
thereby resulting in darkening of an edge of the display
panel, and affecting display effect.
[0018] At least one embodiment of the disclosure pro-
vides an OLED display panel, including a curved part and
a non-curved part. The curved part includes a plurality
of OLEDs, each of the OLEDs includes a light adjusting
surface, and the light adjusting surface is configured to
be capable of guiding light generated from the OLED to
exit towards the non-curved part. A convex side of the
curved part is a light-exiting side, for example, the convex
side of the curved part refers to a surface of the curved
part which arches up, which is said relative to a surface
of the curved part which is recessed. The curved part
includes a base substrate and a plurality of OLEDs dis-
posed on the base substrate, each of the OLEDs includes
a light adjusting surface, and the light adjusting surface
is configured to be capable of guiding light generated
from the OLED to exit toward the non-curved part. For
example, the OLED on the curved part has a divergent
light-emitting angle. For example, the OLED has a plu-
rality of layers, the plurality of layers includes a lumines-
cent layer, the luminescent layer or a layer formed after
the luminescent layer has a first curved surface. On the
curved part, a curve direction of the first curved surface
is opposite to that of the base substrate, and alternatively,
on the curved part, the curve direction of the first curved
surface is the same as that of the base substrate, and a
curvature of the first curved surface is larger than that of
the base substrate. For example, the light adjusting sur-
face can include the first curved surface. The first curved
surface can enable most of the light generated from the
OLED (for example, one OLED can correspond to one
sub-pixel) to emit no longer at a right angle of 90 degrees,
but to emit to various angles, to form divergent light, so
that the light-emitting angle is divergent, and the sub-
pixel to which the OLED belongs can be seen at different
viewing angles, which can improve or avoid the phenom-
enon that the edge of the display panel is darkened, im-
prove the viewing angle and improve the display quality.
For example, in the OLED display panel provided by at
least one embodiment of the disclosure, the light-emitting
angle of the OLED is larger than 90°, for further example,
the light-emitting angle can reach 150°. For example, a
light-emitting angle of the OLED can be in a range from
30° to 150°. The light-emitting angle refers to an included
angle between the light generated from the OLED and
the base substrate on which the OLED is disposed, for
example.

[0019] At least one embodiment of the disclosure fur-
ther provides a manufacturing method of an OLED dis-
play panel, including: forming a first layer of an OLED on
a part of a base substrate of the OLED display panel to
be bent, a surface of the first layer away from the base
substrate having a curved surface; forming a subsequent
film layer of the OLED on the first layer, the subsequent
film layer having the curved surface and including a lu-
minescent layer; bending the OLED display panel to form
a curved part, the OLED on the curved part including a
light adjusting surface, and the light adjusting surface
being configured to be capable of guiding light generated
from the OLED to exit towards a non-curved part. For
example, a convex side of the curved part is a light-exiting
side, and the OLED on the curved part has a divergent
light-emitting angle. For example, the luminescent layer
on the curved part has a first curved surface. On the
curved part, a curve direction of the first curved surface
is opposite to that of the base substrate, and alternatively,
on the curved part, the curve direction of the first curved
surface is the same as that of the base substrate, and a
curvature of the first curved surface is larger than that of
the base substrate. Thus, the OLED display panel man-
ufactured can be made to have a divergent light-emitting
angle, and the display panel can be viewed from different
angles, so as to improve viewing angle. The OLED dis-
play panel before being bent is in a flat state, the curved
surface of the OLED before being bent is generally dif-
ferent from the first curved surface of the OLED after
being bent, and a curvature of the curved surface of the
OLED after being bent is slightly changed from a curva-
ture of the first curved surface of the OLED before being
bent.
[0020] At least one embodiment of the disclosure fur-
ther provides a mask plate, including a first portion and
a second portion. The second portion is disposed at a
periphery of the first portion, the second portion includes
a plurality of sub-portions arranged in sequence in a di-
rection from a position close to the first portion to a po-
sition away from the first portion, optical transmittances
of the plurality of the sub-portions are decreased in se-
quence in the direction from the position close to the first
portion to the position away from the first portion, and an
optical transmittance of the first portion is larger than that
of each of the sub-portions, or, optical transmittances of
the plurality of the sub-portions are increased in se-
quence in the direction from the position close to the first
portion to the position away from the first portion, and an
optical transmittance of the first portion is smaller than
that of each of the sub-portions. The light transmitted
through the mask plate forms different levels of illumi-
nance, and thus an upper surface of a film layer manu-
factured by the mask plate can form a curved surface/a
curved surface shape, for example, form a concave
shape or a convex shape.
[0021] The following is a description of several embod-
iments.
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First Embodiment

[0022] The embodiment provides an OLED display
panel, as illustrated in FIG. 3a. The OLED display panel
includes a curved part 301, and a convex side of the
curved part 301 is a light-exiting side. As illustrated in
FIGS. 3a and 3b, the curved part 301 includes a base
substrate 101 and a plurality of OLEDs 234 disposed on
the base substrate 101, and FIG. 3b illustrates one of the
OLEDs 234 on the curved part 301. The OLED 234 in-
cludes a plurality of layers, and an interface 2341 be-
tween any two adjacent layers of the OLED and a surface
2342 of the OLED away from the base substrate 101
have a first curved surface 201. For example, a lumines-
cent layer or a layer formed after the luminescent layer
has the first curved surface. The first curved surface 201
is employed to guide the OLED to exit divergent light
having different angles, so that the light-emitting angle
is divergent, and the sub-pixel to which the OLED belongs
can be seen at different viewing angles, to improve the
viewing angle.
[0023] For example, as illustrated in FIG. 3b, in the
plurality of layers disposed on the base substrate 101, a
layer close to the base substrate 101 is a first electrode
102, a layer away from the base substrate 101 is a second
electrode 104, and the OLED further includes a function
layer 103 disposed between the first electrode 102 and
the second electrode 104. An interface between any two
adjacent layers of the OLED has a first curved surface
201, that is, an interface between the first electrode 102
and the function layer 103 and an interface between the
function layer 103 and the second electrode 104 have
the first curved surface 201. When the function layer 103
includes a plurality of layers, an interface between any
two adjacent layers of the function layer has the first
curved surface 201.
[0024] For example, the function layer 103 of the OLED
at least includes a luminescent layer 1030. In one exam-
ple, as illustrated in FIG. 3c, the function layer 103 of the
OLED includes a luminescent layer 1030. The function
layer 103 of the OLED can include at least one selected
from the group consisting of a hole transport layer, a hole
injection layer, a hole blocking layer, an electron transport
layer, an electron injection layer, and an electron blocking
layer, in addition to the luminescent layer 1030. In another
example, as illustrated in FIG. 3d, the function layer 103
further includes a hole injection layer 1031, a hole trans-
port layer 1032, an electron transport layer 1033, and an
electron injection layer 1034. The hole blocking layer and
the electron blocking layer are not illustrated in figures,
and can be disposed by referring to a conventional de-
sign. For example, the hole blocking layer can be dis-
posed between the electron transport layer and the lu-
minescent layer, and the electron blocking layer can be
disposed between the hole transport layer and the light-
emitting layer, but is not limited thereto. Materials of re-
spective layers of the OLED can refer to a convention
design.

[0025] As illustrated in FIG. 3d, the interface between
any two adjacent layers of the function layer has the first
curved surface 201, and because a surface of the first
electrode 102 away from the base substrate 101 has the
first curved surface 201, a subsequent layer formed on
the first electrode 102 conforms the topography of the
surface of the first electrode away from the base sub-
strate 101. Thus, the interface between any two adjacent
layers of the OLED and the surface of the OLED away
from the base substrate (an upper surface of a layer of
the OLED away from the base substrate 101) are made
to have the first curved surface 201.
[0026] As illustrated in FIGS. 3b-3d, in the OLED, the
interface between any two adjacent layers and the sur-
face of the layer away from the base substrate 101 have
the same curve direction and the same curvature.
[0027] It should be noted that, in the OLED, the lumi-
nescent layer 1030 has the first curved surface 201 to
make the light-emitting angle be divergent. The lumines-
cent layer 1030 having the first curved surface 201 refers
to both of the surface of the luminescent layer 1030 close
to the light-exiting side and the surface of the luminescent
layer 1030 away from the light-exiting side having the
first curved surface 201, and the two surfaces being bent
towards the same direction. That is, a layer having a
curved surface refers to both of surfaces of the layer close
to the light-exiting side and away from the light-exiting
side having the curved surface and the two surfaces be-
ing bent towards the same direction. In one example, a
layer of the OLED formed after the luminescent layer has
the first curved surface 201. In another example, respec-
tive layers of the OLED have the first curved surface 201.
As illustrated in right side of FIG. 3a, the OLED having
the first curved surface which is disposed on the curved
part 301 emits light towards various directions, to form
divergent light. When viewing the display panel, human
eyes receive more light generated from the curved part,
which improves the viewing angle, realizes a better dis-
play effect and avoids the phenomenon of the edge dark-
ening of the display panel.
[0028] For example, in the embodiment, same or op-
posite curve directions are described relative to the light-
exiting side. The curve directions of two structures only
can be the same or opposite. If both of a curve direction
of one structure and a curve direction of the other struc-
ture are towards the light-exiting side (or the light-exiting
direction), the curve directions of the two structures are
the same. If a curve direction of one structure is towards
the light-exiting direction and a curve direction of the other
structure is away from the light-exiting side, the curve
directions of the two structures are opposite. One curved
structure being towards the light-exiting side refers to a
side of the structure which is recessed being towards the
light-exiting side. Herein, the curved structure is not re-
quired to directly face the light-exiting side, and it can
deviate an angle from the light-exiting side. As illustrated
in FIG. 3a, the OLED having the first curved surface on
the curved part 301 is towards the light-exiting side, and
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the base substrate of the curved part is away from the
light-exiting side. The above-mentioned structure refers
to a layer or a curved surface, for example.
[0029] For example, the base substrate 101 can be
made of at least one selecting from the group consisting
of polyimide, polycarbonate, polyacrylate, polyetherim-
ide, polyethersulfone, polyethylene terephthalate, and
polyethylene naphthalate. The first electrode 102 can be
made of a transparent conductive material having high
work function. For example, the first electrode 102 can
be formed by indium zinc oxide, indium tin oxide, indium
tin zinc oxide, zinc oxide or tin oxide. The second elec-
trode 104 can be formed by a material having high con-
ductivity and low work function. For example, the second
electrode 104 can be made of a metal material. The
above-mentioned are listed materials of respective lay-
ers, but the materials of respective layers are not limited
by the embodiment. For example, the first electrode 102
can be made of a metal material. The second electrode
104 can adopt a transparent electrode or a semi-trans-
parent electrode, for example, the second electrode 104
can be formed by a metal, and can also be formed by a
conductive oxide material, such as indium zinc oxide,
indium tin oxide, indium tin zinc oxide, zinc oxide or tin
oxide. For example, the first electrode 102 is an anode,
and the second electrode 104 is a cathode. Holes pro-
vided by the anode and electrons provided by the cathode
can be combined in the luminescent layer 1030 to emit
light. For example, appropriate materials for respective
layers can be selected, to form a flexible display panel.
[0030] In FIG. 3a, the OLED having the first curved
surface 201 is disposed on the curved part is illustrated
as an example. It should be noted that, the OLED having
the first curved surface 201 can also be disposed on the
non-curved part, or the OLEDs having the first curved
surface 201 can be disposed on both of the curved part
and the non-curved part. Limitations are not imposed in
the embodiment. The curved part 301 and the non-
curved part 302 of FIG. 3a are of an integral structure,
and the curved part 301 is obtained by being bent. For
example, the curved part is at least a portion of the OLED
display panel close to an edge of the OLED display panel.
For example, at least one side of the OLED display panel
close to an edge of the OLED display panel can have the
curved structure, but is not limited thereto.
[0031] For example, as illustrated in FIG. 3a, a curve
direction of the first curved surface 201 of the OLED dis-
posed on the curved part 301 is opposite to that of the
curved part 301. It should be noted that, as illustrated in
FIG. 4a, a curve direction of the first curved surface 201
of the OLED disposed on the curved part 301 can also
be the same as that of the curved part 301. In this case,
a curvature of the curved part 301 (the base substrate
101) is different from that of the first curved surface 201
of the OLED disposed on the curved part 301. For ex-
ample, in order to allow more light to enter human eyes,
a curvature of the first curved surface 201 of the OLED
disposed on the curved part 301 can be made larger than

that of the curved part 301. As illustrated in FIG 4b, the
luminescent layer 1030 having the first curved surface
on the curved part 301 is away from the light-exiting side,
and the base substrate of the curved part is also away
from the light-exiting side. In FIG. 4b, an example in which
the luminescent layer 1030 of the OLED on the curved
part 301 has the first curved surface is illustrated for de-
scription. In the case that the curved part and the OLED
having the first curved surface have the same curve di-
rection, respective layers of the OLED can be disposed
by referring to the case that the curved part and the OLED
having the first curved surface have opposite curve di-
rections, which is not repeated herein. For example, in
order to avoid edge darkening better, a ratio of an abso-
lute value of a difference between the curvature of the
first curved surface and the curvature of the base sub-
strate to the curvature of the first curved surface can be
20%-50%, and for further example, the ratio can be 25%-
40%, but is not limited thereto.
[0032] For example, as illustrated in FIGs 3a and 4a,
the first curved surface 201 can be a light adjusting sur-
face 0201, and the light adjusting surface 0201 is con-
figured to be capable of guiding light generated from the
OLED 234 to exit towards the non-curved part 302.

Second embodiment

[0033] The embodiment provides an OLED display
panel, and as illustrated in FIG. 5, the OLED display panel
includes a base substrate 101 and a function unit dis-
posed on the base substrate 101. The function unit in-
cludes a thin film transistor 112 and a storage capacitor
108 electrically connected with the thin film transistor
112. An active layer 115 is formed on the base substrate
101, and the active layer 115 includes a channel region,
a source electrode contact region 1151 electrically con-
nected with the source electrode and a drain electrode
contact region 1152 electrically connected with the drain
electrode. The source electrode contact region 1151 and
the drain electrode contact region 1152 of the active layer
115 are electrically connected with the source electrode
1121 and the drain electrode 1122 respectively. For ex-
ample, the active layer 115 can adopt amorphous silicon
(a-Si), and the source electrode contact region 1151 and
the drain electrode contact region 1152 can be n+α-Si.
but are not limited thereto. For example, the active layer
115 can also adopt other materials, for example, oxide
semiconductor etc.. If the thin film transistor 112. is turned
on, an electric current of the source electrode is conduct-
ed to the first electrode 102 (for example, the anode) of
the OLED through the drain electrode.
[0034] The thin film transistor 112 can be of a bottom-
gate structure and can also be of a top-gate structure.
As illustrated in FIG. 5, in the case that the thin film tran-
sistor 112 is of the top-gate structure, a gate insulation
layer 107 is formed between a gate electrode 1123 and
the active layer 115 of the thin film transistor 12, and at
the same time, the gate insulation layer 107 can also be
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disposed between an upper electrode 1081 and a lower
electrode 1082 of the storage capacitor 108 so as to be
served as a dielectric layer of the storage capacitor 108.
Further, an interlayer insulation layer 106 is formed be-
tween the gate electrode 1123 and the drain electrode
1122 of the thin film transistor 112. For example, a ma-
terial of the interlayer insulation layer 107 can be silicon
nitride, silicon oxide or a combination thereof, but is not
limited thereto. For example, the interlayer insulation lay-
er 106 can be formed by the same material as the gate
insulation layer 107, and can also be formed by other
materials, and limitations are not imposed thereto.
[0035] For example, a surface 2343 of the OLED close
to the base substrate 101 has a first curved surface 201.
Thus, a layer (for example, an anode) of the OLED close
to the base substrate 101 has a first curved surface 201.
For example, the first curved surface 201 can be a light
adjusting surface 0201 (as illustrated in FIGS. 3a and
4a), and the light adjusting surface 0201 is configured to
be capable of guiding light generated from the OLED 234
to exit towards a non-curved part 302.
[0036] For example, the OLED display panel further
includes a planarization layer 105 disposed between the
base substrate 101 and a layer of the OLED close to the
base substrate 101, the layer of the OLED close to the
base substrate 101 is in contact with the planarization
layer 105, a surface of the planarization layer 105 away
from the base substrate 101 has a second curved surface
202, and the second curved surface 202 and the first
curved surface 201 have the same curve direction and
the same curvature. The second curved surface 202 co-
incides with the first curved surface 201. For example, a
material of the planarization layer 105 can include poly-
imide, but is not limited thereto.
[0037] The OLED display panel can further include a
pixel definition layer 09 and a first electrode 102 of the
OLED disposed on the planarization layer 105, and the
pixel definition layer 109 is configured to define a region
of a sub-pixel. The first electrode 102 is a layer of the
OLED, and other layers of the OLED are not illustrated
herein. The OLED display panel can further include a
supporting layer 10 disposed on the pixel definition layer
109.
[0038] Both of an upper surface and a lower surface
of the first electrode 102 of the OLED display panel of
the embodiment are curved surfaces, and the two sur-
faces has the same curve direction and the same curva-
ture, so that a subsequent film layer of the OLED also
forms a structure in which an upper surface and a lower
surface of the subsequent film layer are curved surfaces,
so as to make the light generated from the OLED being
divergent, to improve the viewing angle.
[0039] For example, a material of a source electrode
1121, a drain electrode 1122 and a gate electrode 1123
of the thin film transistor 112 can include one or more of
molybdenum, titanium, aluminum, and copper etc., but
is not limited thereto.

Third embodiment

[0040] As illustrated in FIG. 6, the embodiment pro-
vides a manufacturing method of an OLED display panel,
including following steps.

S1: forming a first layer of an OLED on a part of a
base substrate of the OLED display panel to be bent,
a surface of the first layer away from the base sub-
strate having a curved surface;
S2: forming a subsequent film layer of the OLED on
the first layer, the subsequent film layer having a
curved surface and including a luminescent layer;
S3: bending the OLED display panel to form a curved
part, the OLED on the curved part including a light
adjusting surface 0201 (referring to FIGS. 3a and
4a), and the light adjusting surface being configured
to be capable of guiding light generated from the
OLED to exit towards a non-curved part. For exam-
ple, the light adjusting surface includes a first curved
surface. For example, a convex side of the curved
part is a light-exiting side; a luminescent layer on the
curved part has the first curved surface; on the
curved part, a curve direction of the first curved sur-
face is opposite to that of the base substrate, and
alternatively, on the curved part, the curve direction
of the first curved surface is the same as that of the
base substrate, and a curvature of the first curved
surface is larger than that of the base substrate.

[0041] Thus, most of the light generated from the
OLED is no longer emitted at a right angle of 90 degrees,
and the OLED emits divergent light having different an-
gles. When viewing the display panel, human eyes re-
ceives more light emitted from the curved part, thereby
realizing a better display effect and avoiding the phenom-
enon of edge darkening.
[0042] For example, as illustrated in FIG. 3a, the OLED
having the first curved surface is disposed on the curved
part 301. Of course, the OLED having the first curved
surface can also be disposed on the non-curved part 302,
or the OLEDs having the first curved surface 201 can be
disposed on both of the curved part 301 and the non-
curved part 302. Limitations are not imposed in the em-
bodiment.
[0043] For example, as illustrated in FIG. 3a, in one
example, a curve direction of the curved part is different
from that of the first curved surface of the OLED disposed
on the curved part, for example, the curve directions are
opposite.
[0044] For example, in the manufacturing method of
the OLED display panel, a surface of the first layer of the
OLED close to the base substrate has the first curved
surface. For example, an upper surface of a layer below
the OLED and in contact with the OLED can be made to
form a curved surface, so that both of a lower surface
and an upper surface of the first layer of the OLED have
curved surfaces.
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[0045] For example, as illustrated in FIG. 5, in one ex-
ample, the manufacturing method of the OLED display
panel further includes forming a planarization layer be-
tween the base substrate and the layer of the OLED close
to the base substrate, the layer of the OLED close to the
base substrate is in contact with the planarization layer,
a surface of the planarization layer away from the base
substrate has a second curved surface, and the second
curved surface and the first curved surface have the
same curve direction and the same curvature. Thus, the
surface of the planarization layer away from the base
substrate is better attached to the surface of the first layer
of the OLED close to the base substrate, and the surface
of the first layer of the OLED close to the base substrate
has the first curved surface. The first curved surface can
coincide with the second curved surface. The first layer
of the OLED is formed on the surface of the planarization
layer away from the base substrate, the surface of the
first layer away from the base substrate has the first
curved surface, and the first curved surface and the sec-
ond curved surface can have the same curve direction
and the same curvature. Therefore, the OLED can emit
divergent light having different angles, which can improve
the viewing angle. The method provided by the example
is simply and easy to apply.
[0046] For example, the planarization layer having the
second curved surface can be formed by adopting a mul-
ti-tone mask plate.

Fourth embodiment

[0047] FIG. 7a is a schematic diagram illustrating a
structure of a first electrode, and FIG. 7b is a schematic
diagram of a mask plate provided by the embodiment.
As illustrated in FIG. 7b, the mask plate 300 includes: a
first portion 310 and a second portion 320. The second
portion 320 is disposed at a periphery of the first portion
310 and a first spacing 330 is disposed between the first
portion 310 and the second portion 320. The second por-
tion 320 includes a plurality of sub-portions 321 and 322
arranged in sequence in a direction from a position close
to the first portion 310 to a position away from the first
portion 310, a second spacing 323 is disposed between
any two adjacent sub-portions 321 and 322, and in the
direction from the position close to the first portion 310
to the position away from the first portion 310, optical
transmittances of the plurality of the sub-portions 321
and 322 are decreased in sequence, and the optical
transmittance of the first portion 310 is larger than that
of each of the sub-portions 321 and 322. In FIG. 7b, an
example in which the second portion 320 includes two
sub-portions 321 and 322 is illustrated for description,
and a number of the sub-portions included in the second
portion 320 is not limited as illustrated in figures. Thus,
a curved surface having a concave upper surface can be
formed.
[0048] For example, an area of the first portion 310 is
larger than an area of each of the sub-portions 321 and

322. For example, a shape of the first portion 310 includes
any one of a polygon and a circle.
[0049] For example, an area of the first spacing 330 is
larger than that of each of the second spacings 323.
[0050] For example, in the direction from the position
close to the first portion to the position away from the first
portion, areas of respective second spacings 323 are
equal to each other or are decreased in sequence. That
is, the second portion 320 includes at least one spacing,
and the areas of respective spacings are equal to each
other or are decreased in sequence.
[0051] For example, in one example, optical transmit-
tance of the first portion 310 is the largest, optical trans-
mittances of respective sub-portions 321 and 322 of the
second portion 320 are decreased in sequence in the
direction from the position close to the first portion 310
to the position away from the first portion 310, and the
optical transmittances of the first spacing 330 and the
second spacing 323 are 0% (opaque).
[0052] For example, the optical transmittance of the
first portion 310 is 80%-90%, the optical transmittance
of the sub-portion 321 of the second portion 320 is 70%-
80%, the optical transmittance of the sub-portion 322 of
the second portion 320 is 60%-70%, and the optical trans-
mittances of the first spacing 330 and the second spacing
323 are 0% (opaque).
[0053] The example in which the first spacing is dis-
posed between the second portion 320 and the first por-
tion 310 and the second spacing is disposed between
any two adjacent sub-portions is illustrated above for de-
scription, but the first spacing and/or the second spacing
may not be provided, so that the first portion and the
second portion are abutted, any two adjacent sub-por-
tions of the second portion are abutted, and in a direction
from the first portion 310 to the second portion 320, the
optical transmittances of the first portion and the respec-
tive sub-portions are decreased in sequence. The optical
transmittances of the first spacing and the second spac-
ing can also be adjusted, so that in the direction from the
first portion 310 to the second portion 320, the optical
transmittances arc decreased in sequence. For example,
in one example, in the direction from the first portion 310
to the first spacing 330 and further to the second portion
320, the optical transmittances arc decreased in se-
quence. That is, the optical transmittances of the first
portion 310, the first spacing 330, and the second portion
320 are decreased in sequence. Further, in the second
portion 320, in the direction from the position close to the
first portion 310 to the position away from the first portion
310, the optical transmittances are decreased in se-
quence. For example, the optical transmittances of the
sub-portion 321, the second spacing 323 and the sub-
portion 322 are decreased in sequence. Further, the op-
tical transmittances of the first portion 310, the first spac-
ing 330, the sub-portion 321, the second spacing 323
and the sub-portion 322 are decreased in sequence.
Thus, the mask plate can be used to manufacture an
upper surface of the curved/concave-shaped surface.
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For example, the mask plate can be used to form a
planarization layer with a concave-shaped upper sur-
face.
[0054] For example, in one example, the second por-
tion 320 is disposed on a side of the first portion 310, the
mask plate further includes at least one third portion 340
having the same structure and the same arrangement
as the second portion 320, and each third portion 340 is
not overlapped with the second portion 320. As illustrated
in FIG. 7b, the third portion 340 and the second portion
320 have the same structure and the same arrangement,
and the example illustrates that the third portions 340 are
distributed in three directions except a direction in which
the second portion is positioned. Of course, a number of
the third portions are not limited as illustrated in figures,
and it can be other numbers. For example, the second
portion 320 can also be disposed to surround the first
portion 310 to form a closed structure. For example, a
plurality of concentric ring structures can be formed
around the first portion from inside to outside, for exam-
ple, concentric circle rings and concentric polygon rings
etc. can be formed.
[0055] In the case that the planarization layer 105
adopts a photoresist material, a curved surface structure
can be formed on an upper surface of the planarization
layer 105 after exposure and development by adopting
any one of the mask plates provided by the embodiment.
On this basis, the OLED having the first curvature can
be manufactured.
[0056] The above listed mask plates can form a layer
having a concave shape. Furthermore, according to proc-
ess requirements, widths of the first portion 310, the sec-
ond portion 320, the first spacing 330 and the second
spacing 323 can be freely adjusted, to form the concave
shape as required by the process.
[0057] For example, a layer having a convex shape
can be formed by designing the mask plate. In another
example, in the direction from the position close to the
first portion 310 to the position away from the first portion
310, the optical transmittances of the plurality of the sub-
portions are increased in sequence, and the optical trans-
mittance of the first portion is smaller than that of each
of the sub-portions. Thus, a curved surface having a con-
vex-shaped upper surface can be formed. For example,
the mask plate can be used to form a planarization layer
having a convex-shaped upper surface. For example,
according to process requirements, widths of the first por-
tion 310, the second portion 320, the first spacing 330
and the second spacing 323 can be freely adjusted, to
form the convex shape as required by the process.
[0058] Any mask plate provided by the embodiment
can be used to manufacture the OLED display panel of
the third embodiment. Further, the structure of the OLED
display panel of the first embodiment or the second em-
bodiment can be formed.

Fifth embodiment

[0059] FIG. 8a is a schematic diagram of forming a first
electrode, and FIG. 8b is a cross-sectional view illustrat-
ing a structure of the first electrode taken along line A-B
of FIG. 8a. Generally, a structure of the first electrode
102 as illustrated in FIG. 8a is formed on the planarization
layer 105, and both of the planarization layer 105 and
the first electrode 102 formed herein are flat structures.
In a state of the flat structure, a curved part of the OLED
display panel limits the viewing angle, and most of the
light generated from the OLED formed on the curved part
is emitted at a right angle of 90 degrees, so that when
human eyes views the display panel, light emitting from
the curved part is less received, thereby affecting the
display effect, and producing a phenomenon of edge
darkening.
[0060] FIG. 9a is a schematic diagram of forming a first
electrode provided by the embodiment, and FIG. 9b is a
cross-sectional view illustrating a structure of the first
electrode taken along line C-D of FIG. 9a provided by
the embodiment. As illustrated in FIG. 9a, a second
curved surface is formed on a surface (an upper surface)
of the planarization 105 away from the base substrate
by using any one of the mask plates to form a concave
shape layer provided by the fourth embodiment, and then
the first electrode 102 is formed on the second curved
surface. A first curved surface is formed on a surface of
the first electrode 102 close to the planarization layer 15
having the same curve direction and the same curvature
as the second curved surface, and the first curved surface
is formed on an surface of the first electrode 102 away
from the planarization layer 105. Further, a subsequent
film layer of the OLED is formed. The first curved surface
is formed so that most of the light generated from the
OLED is no longer emitted at a right angle of 90 degrees,
and the OLED emits divergent light having different an-
gles, so as to improve the viewing angle.
[0061] For example, FIG. 10 is a schematic diagram
of forming a second curved surface provided by the em-
bodiment. As illustrated in FIG. 10, the mask plate pro-
vided by the fourth embodiment can be used by adjusting
the optical transmittances to obtain that the first portion
and the second portion have different optical transmit-
tances and the optical transmittance of the first portion
is larger than that of the second portion, so that different
levels of illuminance can be formed on the planarization
layer 105. With this mask plate, the flat portion of the
planarization layer 105 can be formed into a curved struc-
ture by photolithography, that is, a second curved surface
is formed on a surface of the planarization layer 105 away
from the base substrate, without adding any process. In
this case, a material of the planarization layer 105 can
be a photoresist, and for example, the material of the
planarization layer 105 can include polyimide, but is not
limited thereto. Then, the first electrode 102 is formed on
the second curved surface, and the first curved surface
having the same curve direction and the same curvature
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as the second curved surface is formed on a surface of
the first electrode 102 away from the planarization layer
105.
[0062] Thus, in subsequent film layers of the OLED,
an interface between any two adjacent layers and a sur-
face of a layer away from the base substrate 101 have
the first curved surface 201, and the formed curved OLED
can form divergent light emitting to various angles, so as
to improve the viewing angle. In a case that the OLED
having the first curved surface 201 is disposed on the
curved part, when viewing the display panel, human eyes
receives more light emitting from the curved part, thereby
realizing a better display effect.
[0063] Of course, the first curved surface can be
formed on the upper surface of the first electrode by
adopting other methods. For example, the first electrode
is etched, so that a structure of a curved surface is formed
on the upper surface of the first electrode. The method
of forming the curved surface is not limited by the em-
bodiments of the disclosure.
[0064] FIG. 10 further illustrates a base 100, and when
a flexible display panel is manufactured, the base sub-
strate 104 of the flexible display panel can be placed on
the base 100 to manufacture. The base 100 is removed
after completing the manufacturing. Other structures are
omitted in FIG. 10. In the embodiment of the disclosure,
a layer of the OLED close to the base substrate as the
first electrode, and a layer of the OLED away from the
base substrate as the second electrode are illustrated as
an example, but are not limited thereto.
[0065] In the above description, the surface of the
planarization layer away from the base substrate having
a concave shape is illustrated as an example.
[0066] The example in which light is generated from a
front side of the OLED display panel is illustrated above
for description. It should be noted that, the embodiments
of the disclosure are not limited thereto. For example,
the OLED display panel can also emit light from a back
side thereof.

Sixth embodiment

[0067] The embodiment provides a display device, in-
cluding the OLED display panel of the first embodiment
or the second embodiment.
[0068] For example, the display device can be a dis-
play such as an OLED display, and any products or com-
ponents having display function and including the OLED
display, such as a television set, a digital camera, a cell
phone, a watch, a tablet, a laptop, a navigator, etc..
[0069] The following statements should be noted:

(1) Unless otherwise defined, the same reference
numeral represents the same meaning in the em-
bodiments of the disclosure and accompanying
drawings.
(2) The accompanying drawings involve only the
structure(s) in connection with the embodiment(s) of

the present disclosure, and other structure(s) can be
referred to common design(s).
(3) For the purpose of clarity only, in accompanying
drawings for illustrating the embodiment(s) of the
present disclosure, the thickness and size of a layer
or a structure may be enlarged. However, it should
understood that, in the case in which a component
or element such as a layer, film, area, substrate or
the like is referred to be "on" or "under" another com-
ponent or element, it may be directly on or under the
another component or element or a component or
element is interposed therebetween.
(4) In case of no conflict, features in one embodiment
or in different embodiments can be combined.

[0070] What are described above is the embodiments
of the disclosure only and not limitative to the scope of
the disclosure; any of those skilled in related arts can
easily conceive variations and substitutions in the tech-
nical scopes disclosed by the disclosure, which should
be encompassed in protection scopes of the disclosure.
Therefore, the scopes of the disclosure should be defined
in the appended claims.

Claims

1. An organic light-emitting diode display panel, com-
prising a curved part and a non-curved part, the
curved part comprising a plurality of organic light-
emitting diodes, wherein each of the organic light-
emitting diodes comprises a light adjusting surface
configured to be capable of guiding light generated
from the organic light-emitting diode to exit towards
the non-curved part.

2. The organic light-emitting diode display panel ac-
cording to claim 1, wherein a light-emitting angle of
the organic light-emitting diode is larger than 90°.

3. The organic light-emitting diode display panel ac-
cording to claim 1 or 2, wherein the organic light-
emitting diode comprises a plurality of layers dis-
posed on a base substrate, the plurality of layers
comprise a luminescent layer, the luminescent layer
or a layer formed after the luminescent layer has a
first curved surface; on the curved part, a curve di-
rection of the first curved surface is opposite to that
of the base substrate, and the light adjusting surface
comprises the first curved surface.

4. The organic light-emitting diode display panel ac-
cording to claim 1 or 2, wherein the organic light-
emitting diode comprises a plurality of layers dis-
posed on a base substrate, the plurality of layers
comprise a luminescent layer, the luminescent layer
or a layer formed after the luminescent layer has a
first curved surface; on the curved part, a curve di-
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rection of the first curved surface is the same as that
of the base substrate and a curvature of the first
curved surface is larger than that of the base sub-
strate, and the light adjusting surface comprises the
first curved surface.

5. The organic light-emitting diode display panel ac-
cording to any one of claims 1-4, wherein the curved
part is at least a portion of the organic light-emitting
diode display panel close to an edge of the organic
light-emitting diode display panel.

6. The organic light-emitting diode display panel ac-
cording to claim 3 or 4, wherein each of the layers
of the organic light-emitting diode has the first curved
surface.

7. The organic light-emitting diode display panel ac-
cording to claim 3 or 4, further comprising a planari-
zation layer disposed between the base substrate
and a layer of the organic light-emitting diode close
to the base substrate, wherein the layer of the or-
ganic light-emitting diode close to the base substrate
is in contact with the planarization layer, a surface
of the planarization layer away from the base sub-
strate has a second curved surface, and the second
curved surface and the first curved surface have a
same curve direction and a same curvature.

8. The organic light-emitting diode display panel ac-
cording to claim 3 or 4, wherein a layer of the organic
light-emitting diode close to the base substrate is an
anode, the organic light-emitting diode further com-
prises a cathode on the anode layer, and the lumi-
nescent layer is disposed between the anode and
the cathode.

9. The organic light-emitting diode display panel ac-
cording to claim 8, wherein the organic light-emitting
diode further comprises at least one selected from
the group consisting of a hole transport layer, a hole
injection layer, a hole blocking layer, an electron
transport layer, an electron injection layer, and an
electron blocking layer.

10. A display device, comprising the organic light-emit-
ting diode display panel of any one of claims 1-9.

11. A manufacturing method of an organic light-emitting
diode display panel, comprising:

forming a first layer of an organic light-emitting
diode on a part of a base substrate of the organic
light-emitting diode display panel to be bent, a
surface of the first layer away from the base sub-
strate having a curved surface;
forming a subsequent film layer of the organic
light-emitting diode on the first layer, the subse-

quent film layer having the curved surface and
comprising a luminescent layer; and
bending the organic light-emitting diode display
panel to form a curved part, the organic light-
emitting diode on the curved part comprising a
light adjusting surface, and the light adjusting
surface being configured to be capable of guid-
ing light generated from the organic light-emit-
ting diode to exit towards a non-curved part.

12. The manufacturing method of the organic light-emit-
ting diode display device according to claim 11,
wherein a light-emitting angle of the organic light-
emitting diode is larger than 90°.

13. The manufacturing method of the organic light-emit-
ting diode display device according to claim 11 or
12, wherein on the curved part, the luminescent layer
has a first curved surface, and on the curved part, a
curve direction of the first curved surface is opposite
to that of the base substrate.

14. The manufacturing method of the organic light-emit-
ting diode display device according to claim 11 or
12, wherein on the curved part, the luminescent layer
has a first curved surface; and on the curved part, a
curve direction of the first curved surface is the same
as that of the base substrate and a curvature of the
first curved surface is larger than that of the base
substrate.

15. The manufacturing method of the organic light-emit-
ting diode display device according to any one of
claims 11-14, wherein at least a portion of the organic
light-emitting diode display device close to an edge
of the organic light-emitting diode display device is
bent to form the curved part.

16. The manufacturing method of the organic light-emit-
ting diode display device according to any one of
claims 11-15. further comprising forming a planari-
zation layer between the base substrate and a layer
of the organic light-emitting diode close to the base
substrate, wherein the layer of the organic light-emit-
ting diode close to the base substrate is in contact
with the planarization layer, a surface of the planari-
zation layer away from the base substrate has a sec-
ond curved surface, and the second curved surface
and the first curved surface have a same curve di-
rection and a same curvature.

17. The manufacturing method of the organic light-emit-
ting diode display device according to any one of
claims 11-16, wherein a multi-tone mask plate is
adopted to form the planarization layer having the
second curved surface.

18. A mask plate, comprising: a first portion and a second
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portion disposed at a periphery of the first portion,
wherein the second portion comprises a plurality of
sub-portions arranged in sequence in a direction
from a position close to the first portion to a position
away from the first portion, optical transmittances of
the plurality of the sub-portions are decreased in se-
quence in the direction from the position close to the
first portion to the position away from the first portion,
and an optical transmittance of the first portion is
larger than that of each of the sub-portions, or, optical
transmittances of the plurality of the sub-portions are
increased in sequence in the direction from the po-
sition close to the first portion to the position away
from the first portion, and an optical transmittance of
the first portion is smaller than that of each of the
sub-portions.

19. The mask plate according to claim 18, wherein an
area of the first portion is larger than that of each of
the sub-portions.

20. The mask plate according to claims 18 or 19, wherein
a first spacing is disposed between the second por-
tion and the first portion, and a second spacing is
disposed between any two adjacent sub-portions in
the sub-portions.

21. The mask plate according to claim 18, wherein an
area of the first spacing is larger than that of the
second spacing.

22. The mask plate according to claim 20, wherein in the
direction from the position close to the first portion
to the position away from the first portion, areas of
respective second spacings are equal to each other
or are decreased in sequence.

23. The mask plate according to any one of claims 20-22,
wherein the first spacing and the second spacing are
opaque.

24. The mask plate according to claims 18, wherein the
first portion and the second portion are abutted, any
two adjacent sub-portions of the second portion are
abutted, and the optical transmittances of the first
portion and respective sub-portions are decreased
in sequence in a direction from the first portion to the
second portion.

25. The mask plate according to claim 18, wherein the
first portion and the second portion are abutted, any
two adjacent sub-portions of the second portion are
abutted, and the optical transmittances of the first
portion and respective sub-portions are increased in
sequence in a direction from the first portion to the
second portion.

26. The mask plate according to claim 18, wherein a

shape of the first portion comprises any one of a
polygon and a circle.

27. The mask plate according to any one of claims 18-26,
wherein the second portion is disposed on a side of
the first portion, the mask plate further comprises at
least one third portion having a same structure and
arrangement as the second portion, and each third
portion is not overlapped with the second portion.

28. The mask plate according to any one of claims 18-26,
wherein the second portion is disposed to surround
the first portion to form a closed structure.
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